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Abstract
Exhumation may be defined as the legally sanctioned excavation and recovery of 
the remains of lawfully buried or – occasionally – cremated individuals, as dis-
tinct from forensic excavations of clandestinely buried remains conducted as part 
of a criminal investigation and from unlawful disinterment of human remains, 
 commonly referred to as ‘bodysnatching’. The aim of this article is to review the 
role of exhumation – so defined – in the activities of CEMEL, the Medico-Legal 
Centre of the Ribeirão Preto Medical School-University of São Paulo, in interna-
tional, regional and local collaborations. Exhumations form part of routine forensic 
anthropology casework; scientific research in physical and forensic anthropology; 
and forensic casework conducted in collaboration with the Brazilian Federal 
Police; and are carried out as part of humanitarian investigations into deaths asso-
ciated with the civil–military dictatorship of 1964 to 1985. This article aims to offer 
a non-technical summary – with reference to international comparative informa-
tion – of the role of exhumation in investigative and scientific work and to discuss 
developments in their historical and political context.
Key words: exhumation, forensic, anthropology, dictatorship, human rights, 
Brazil
Introduction
Exhumation may be defined as the legally sanctioned excavation and recovery of 
the remains of lawfully buried1 or – occasionally – cremated individuals, as distinct 
from forensic excavations of clandestinely buried remains conducted as part of a 
criminal investigation and from unlawful disinterment of human remains, com-
monly referred to as ‘bodysnatching’.2
Exhumations may be conducted for reasons as simple as relocation of the 
remains – in the case of urban redevelopment, for example – or for a variety of 
analytical purposes which universally arise from questions of doubt. Doubt may 
be related to the cause or manner of death, or to the identification of or confirma-
tion of the identity of the deceased. In the UK, for example, the coroner may order 
an exhumation in relation to an inquest intended to answer the questions of who, 
where, when and how in relation to a death3 which may or may not be suspicious. 
An exhumation may, however, be ordered specifically for the purposes of crimi-
nal proceedings – including medical negligence – whether instituted or merely 
contemplated.4
Doubt also underlies exhumations for the purposes of scientific research, 
including the study of archaeological and taphonomic processes, anatomical and 
anthropological characteristics and genetic investigations. Exhumations may be 
undertaken in order to answer questions of archaeological, historical, cultural or 
political importance. Requests for legal authorisation may arise from the police, 
legal or judicial agencies, from relatives of the deceased and, occasionally, from 
researchers studying post-mortem processes and human remains.
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Exhumation is a highly socially sensitive, expensive and prolonged process.5 
Reviewing the utility of exhumations undertaken in Cologne, Germany, Grellner 
and Glenewinkel6 note that exhumation is practised only when a certain need 
arises, and even then only if the questions in doubt might be resolved: an issue 
that may be dependent on the post-mortem interval. Breitmeier et al. examined 
exhumations in Hanover, Germany, and assert that ‘an exhumation can answer a 
number of questions, although by consensus the success of an individual exhuma-
tion cannot be predicted’.7 The likelihood of success depends on the question to 
be answered and the extent of morphological changes and post-mortem decay. 
These processes remain important problems in forensic science, as these authors 
note: ‘correlating the time in which a corpse has remained buried with particular 
physical findings on exhumation is not justified and would lead to a false sense of 
security regarding these findings, as no linear relationship exists between the time 
a corpse has remained buried and any degree of decay’.8 Nevertheless, in a review 
of 155 forensic exhumations in Münster, Germany, Karger et al. observed that a 
large majority of post-mortem examinations following exhumation were success-
ful, the doubts that led to the exhumation being resolved completely in 65.8 per 
cent of cases and at least partially in most of the others.9 These findings reinforce 
the importance of exhumation as a forensic tool, taking into account its limitations 
without over-estimating its potential.
The frequency of exhumation is dependent on various factors such as jurisdic-
tion – and related political or religious dimensions – and autopsy rate. It has been 
proposed that exhumation rates follow a principle of reciprocity, whereby low 
autopsy rates are associated with high exhumation rates and vice versa.10 In the 
UK, for example, where the use of post-mortem examinations in establishing the 
cause of death has been long accepted, only three or four coroner’s exhumations 
are performed each year.11
Exhumations may involve the remains of only a single individual or of many – as 
in the case of a mass grave. In these cases, however, the original interment is fre-
quently not lawful. The method of exhumation varies, depending on the problems 
in question and the expertise and experience of those responsible.12 With regard 
to mass graves, Skinner et al.13 proposed international guidelines for forensic bio-
archaeological monitoring of mass-grave exhumations directed towards the evalu-
ation of quality. The analytical techniques employed in relation to an exhumation 
and post-mortem examination may involve forensic medicine and pathology, 
forensic odontology, forensic anthropology and archaeology, forensic chemistry 
and toxicology and forensic genetics.14
Applications of DNA technology15 in human identification and relationship 
analysis have grown rapidly since the pioneering work of Alec Jeffreys.16 Examples 
include US military personnel missing from the Vietnam War, subsequently iden-
tified by mitochondrial DNA (mtDNA) analysis;17 authentication of the remains 
of Czarina Alexandra and Tsar Nicolas II – killed in 1918 – by comparison of the 
mtDNA sequences obtained with those of maternal relatives, living and deceased;18 
and identification of individuals killed during the Argentine military dictatorship 
of 1976 to 1983, also identified by mtDNA analysis.19
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The aim of this article is to offer a non-technical summary of the work of the 
Medico Legal Centre (CEMEL) of Ribeirão Preto Medical School-University of 
São Paulo (FMRP-USP), an academic centre for forensic medicine. The Centre per-
forms exhumations for a range of purposes including in routine forensic anthro-
pology casework, scientific research in physical and forensic anthropology and 
forensic casework conducted in collaboration with the Brazilian Federal Police. 
CEMEL has also undertaken exhumations as part of humanitarian investigations 
into deaths associated with the civil–military dictatorship of 1964 to 1985. The use 
and role of exhumations are discussed within their historical and political context.
The Medico Legal Centre of Ribeirão Preto Medical School-
University of São Paulo
Inaugurated in 1999, CEMEL is part of the Department of Pathology and Legal 
Medicine of FMRP-USP, located in the city of Ribeirão Preto. This Centre was 
the first in Brazil to have resulted from a formal agreement between a university 
and the Secretary of State for Public Security, established with the aim of develop-
ing forensic medicine in practice, research and education.20 The Centre has been 
recognised internationally as an example of a new model for forensic medicine in 
Brazil.21 Collaboration with the Sheffield Medico-Legal Centre, supported by the 
United Kingdom Foreign and Commonwealth Office Global Opportunities Fund 
in 2003,22 led to the establishment of the Laboratory of Forensic Anthropology 
(LAF-CEMEL), supported by training in forensic anthropology and pathology and 
the development of a forensic anthropology protocol – the LAF-CEMEL protocol 
– tailored to the characteristics and necessities of the Brazilian environment23 and 
supported by an online system.24 The LAF-CEMEL protocol is a standardised pro-
tocol for analysis, recording and reporting of forensic anthropology cases, incorpo-
rating osteological data, pathology, trauma, possessions etc.
With capacity for forensic anthropological analysis of human remains estab-
lished, CEMEL responded to demand in four main areas: (i) forensic anthropo-
logical analysis and sample collection for DNA analysis in collaboration with the 
regional Death Verification Service (Serviço de Verificação de Óbitos do Interior, 
SVOI) and police forensic investigators (Polícia Técnico-Científica); (ii) scien-
tific research in physical and forensic anthropology aimed at the development of 
forensic anthropology procedures and reference standards; (iii) forensic homicide 
investigation undertaken in collaboration with the Brazilian Federal Police and (iv) 
via a contribution to the search for the political disappeared from the time of the 
civil–military government of Brazil of 1964 to 1985.
Routine forensic anthropology casework
The agreement between the University of São Paulo and the Secretary of State for 
Public Security (NPML-RPO) resulted in a protocol for human identification in 
routine cases involving partially or fully skeletonised human remains. Francisco 
et al.25 reported that from 1999 to 2006 the average number of bones for each 
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body or skeleton forwarded to CEMEL was 79.57. After the establishment of 
LAF-CEMEL in 2005 and the implementation of the NPML-RPO agreement, the 
average number of bones forwarded increased to 112.83 per skeleton, attributed 
to improved capacity and performance and an increased expectancy that remains 
would be identified. On average, 30 to 35 per cent of cases forwarded for analysis 
annually are identified, frequently as a consequence of collaborative work with the 
forensic odontology team of the School of Dentistry of Ribeirão Preto-University 
of São Paulo.26 Multidisciplinary collaborative contributions from forensic archae-
ology, anthropology, odontology, pathology and genetics underpin a team-based 
approach to investigation and identification. Burial locations are typically those 
encountered in the tropical soils of the Ribeirão Preto region.27
Prior to implementation of the protocol the rate of identification was negligible, 
with identifications occurring only rarely, and then fortuitously. Thus, implemen-
tation the NPML-RPO agreement and the LAF-CEMEL protocol led to a substan-
tial increase in applications for28 and success in identifications. The CEMEL case 
demography is described by international comparison by Evison et al.,29 which also 
addresses questions of the utility and efficacy of forensic anthropology casework.
Sample collection for DNA analysis30 has become an important component of 
routine forensic anthropology casework at CEMEL, conducted in collaboration 
with the SVOI and police forensic investigators. Human identification by DNA 
analysis in forensic anthropology cases usually involves comparison of a ‘ques-
tioned’ sample from the unidentified individual – usually derived from the bones, 
teeth or soft tissues – with a reference sample collected from intimate items from 
the person in question or from family members. Analysis of mtDNA is commonly 
undertaken, as this can be accomplished more readily from highly degraded or 
fragmented DNA samples. This analysis is restricted to comparison with refer-
ence samples from maternal relatives of the person in question, however, and may 
be insufficient for individual identification. In contrast, analysis of short tandem 
repeat (STR) markers found in the cell nucleus, including those of the X and Y 
chromosomes, may be used very informatively – individually or in combination 
– but these are less readily recovered from highly decomposed samples. The latter 
issue is of critical importance in the context of Brazil, where strategies for DNA 
analysis of highly decomposed remains recovered from burials in tropical soils are 
a priority (see below). DNA profiling is not always successful or even possible – for 
example, in the absence of a candidate identity or reference sample – and forensic 
anthropological and other findings maybe adequate for identification to be con-
firmed by other means or to facilitate or substantiate identifications subsequently 
clarified by genetic analysis.
Scientific research in physical and forensic anthropology
Following its establishment in 2005, LAF-CEMEL relied on standards in identifica-
tion from bone derived from non-Brazilian populations31 based on the assessment 
of sex, ancestry, age, stature, handedness, dental characteristics, pathological find-
ings and the presence of clothes and other belongings.32
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Application of the LAF-CEMEL protocol led to recognition that the application 
of non-Brazilian standards in forensic anthropology may not be appropriate to the 
Brazilian population – noted for its extensive admixture.
In order to assess the efficacy of the protocol a blind study was undertaken 
on 120 skeletons, 90 of which were exhumed from the Bom Pastor Cemetery in 
Ribeirão Preto prior to their relocation in a general ossuary. Thirty of the remains 
were of indigent people who had died from natural causes and had been autop-
sied at CEMEL by the SVOI. Not having been claimed by relatives, these remains 
had been buried in the cemetery with data relating to their identification retained 
in case of a subsequent search. After five years of burial, legal authorisation was 
obtained for the remains to be exhumed for scientific research. These exhumations 
were undertaken with the cooperation of the civic development agency CODERP 
(Companhia de Desenvolvimento Econômico de Ribeirão Preto) following review 
by the ethical committee of the University of São Paulo. The results of the anthro-
pological analysis were compared with the ante-mortem profiles recorded by the 
administration of the Bom Pastor Cemetery at the time of interment in order 
to measure compatibility between ante-mortem and post-mortem assignments. 
Improved performance was associated with a better state of bone preservation, in 
results comparable with general estimates of the reliability of forensic osteologi-
cal assessments.33 The study also highlighted the value, in the case of unidentified 
bodies, of recording stature and handedness prior to burial. Although based on 
parameters derived from populations external to Brazil, the LAF-CEMEL proto-
col was shown to be generally suitable for skeletal analysis, including in cases of 
mixed ancestry. Nevertheless, the protocol is based in decision tables incorporat-
ing multiple morphological features rather than – with the exception for stature 
estimation – anthropometric methods. Difficulties arising from the application of 
reference standards from non-representative samples34 indicate a demand for the 
development of standards more appropriate to the Brazilian population.
Finally, the pattern of casework encountered by LAF-CEMEL was analysed by 
comparison with other similar and larger centres in Latin America, the US and 
the UK and was shown to reflect a trend that appears applicable to most jurisdic-
tions – only varying substantially according to such factors as homicide rate and 
climatically associated rate of skeletonisation.35 This comparison also identified a 
series of factors contributing to investigative case progression in forensic anthro-
pology – including the key significance of identification of the victim to the detec-
tion and prosecution of the crime, and the need for advancement of education and 
research.
In Brazil, considerable research effort has been directed towards improved 
genetic identification from complex samples such as exhumed bones and other 
challenging biological material,36 as well as to frequency studies of DNA markers 
in the Brazilian population that can be used in calculations of probability.37 Hard-
tissue specimens recovered from the thirty skeletons of indigent people described 
above were investigated in a combined histological and DNA analysis conducted 
in collaboration with the Laboratory of Molecular Pathology in the Department of 
Pathology-Escola Paulista de Medicina/Federal University of São Paulo. This was 
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intended to improve understanding of post-mortem diagenesis and to develop 
applications for DNA analysis of skeletal specimens from tropical soils, in order to 
optimise genetic and anthropological protocols38 – as well as those involving other 
physico-chemical approaches. Melki et al.,39 for example, described procedures for 
the genetic investigation of bones from individual exhumations. These procedures 
were also shown to be useful for individual exhumations in which the objective 
was the investigation of vital reactions related to the cause of death using scanning 
electron microscopy.40
Forensic casework conducted in collaboration with the Brazilian 
Federal Police
Expertise in forensic odontology and pathology was acquired by the Brazilian 
Federal Police in 2006 and 2007, respectively. In 2010, CEMEL established a 
partnership with the Federal Police and began training its forensic experts in LAF-
CEMEL procedures. The partnership has so far led to the collaborative investiga-
tion of four highly complex cases involving exhumations in which discretion was 
essential, due to their high media profile. Use of LAF-CEMEL staff and facilities – 
CEMEL is located at a considerable distance from the original places of occurrence 
of the cases – assisted in securing confidentiality.
Imaging examinations using computed tomography were undertaken at FMRP-
USP and recovery and preservation of tattooed skin, histological examinations 
and removal of soft tissue in preparation for forensic anthropological examination 
were undertaken at CEMEL. Final analysis and reports on findings – which pres-
ently remain sub judice – were undertaken in collaboration with the Federal Police.
This partnership now extends to research in the photoanthropometry of facial 
development, with the aim establishing reliable parameters for age estimation in 
images of child pornography and in cases of disappeared young people.
A particularly noteworthy case in which CEMEL performed exhumation and 
analysis in collaboration with the Brazilian Federal Police was that of Arnaldo 
Cardoso Rocha. Rocha was a political activist killed during the dictatorship era, 
allegedly following a confrontation with the police. Exhumation followed by a 
comprehensive post-mortem analysis revealed evidence of torture and execution, 
contradicting the contemporary account.
Humanitarian investigation
Collaborative work with the Brazilian Federal Police led to an invitation to par-
ticipate in the search for the political disappeared from the civil–military gov-
ernment of 1964 to 1985. CEMEL has contributed to the investigations of the 
Araguaia Working Group (GTA). The GTA was established in 2011 with the aim 
of sustaining the work of a pre-existing group attempting to locate and identify 
the remains of the dead of the Araguaia Guerrilla War of 1966 to 1974.41 Working 
with forensic anthropologists, archaeologists, odontologists and pathologists from 
the  medico-legal institutes of Brasília, Goiânia, the Ministry of Defence and the 
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Ministry of Justice, and the Brazilian Federal Police, CEMEL participated in the 
GTA’s investigations from 2012 to 2014, including in numerous searches for, and 
excavations and exhumations of, human remains anticipated to be those of guer-
rillas killed during the dictatorship era. These investigations were undertaken in 
the Amazonia region, in locations at the margin of settlement, where exhumations 
have taken place in the forests, on farm land established only in recent decades and 
in municipal cemeteries in remote towns.
After two years of collaboration in the GTA investigations CEMEL withdrew 
from its activities, as well as from related investigations in São Paulo,42 citing 
disagreements related to the investigative methods proposed. In the opinion of the 
CEMEL team, analysis of trauma was being neglected and certain procedures (such 
as washing of bones) were thought to impede subsequent histological and physico-
chemical analysis – for the purposes of detection of gunshot residue, for example. 
CEMEL contended that the GTA was too reluctant to accept other scientific and 
international contributions, especially with regard to planning.
Discussion
Forensic medicine in Brazil is only gradually recovering from the consequences of 
two decades of dictatorship. The infrastructure outside urban centres was – and 
frequently still is – poor. Autopsies are often done in small rooms in cemeteries 
with limited laboratory support, using outdated technology and where it may be 
difficult to protect the chain of custody. In these circumstances, conditions can lead 
to a disincentive to conduct thorough casework.
The establishment of CEMEL as a centre for best practice is a development 
of national and international significance, notably underpinned by UK Foreign 
and Commonwealth Office support for capacity-building partnerships with the 
Sheffield Medico-Legal Centre and by collaborations with the School of Dentistry 
of USP, the regional Death Verification Service (Serviço de Verificação de Óbitos 
do Interior) and police forensic investigators (Polícia Técnico-Científica) – 
 particularly in relation to sample collection for DNA analysis from skeletonised 
and partially skeletonised human remains. The CEMEL team constitutes forensic 
anthropologists, pathologists and technicians, further supported by contributions 
from specialist forensic odontologists from the FMRP-USP. CEMEL’s research 
currently sustains national and international scientific collaborations addressing a 
range of problems in forensic science and medicine.
These developments must be seen in contrast to the prevailing practice preceding 
Brazil’s transition to democracy, prior to which the criminal law relied on statutes 
implemented during the dictatorship of Getúlio Vargas (1937–45), which gave 
control of forensic investigations to the police (Polícia Civil). This left investiga-
tions vulnerable to political manipulation and prevented independent verification 
and academic scrutiny and the development of education and research in forensic 
science and medicine. Poor standards contributed to poor outcomes in investiga-
tions, frequently serving a dictatorial government.43 In the opinion of Guimarães et 
al.,44 ‘Keeping victims unidentified meant that government institutions could avoid 
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being the target of criticism or investigation. Political crimes could be hidden and 
members of the political opposition – mainly from left-wing political parties – could 
be “disappeared”.’ Empirical studies of the number of ‘disappeared’ are limited and 
the officially accepted figure of 437 to 475 may be an under-estimate, as it does not 
include deaths not associated with political parties and unreported deaths.45
The GTA was mandated as the consequence of an agreement between the First 
Federal Court of Brasília and the Inter-American Court of Human Rights of the 
Organisation of American States and was established following the enactment of 
Inter-Ministry Ordinance no. 1,46 authorised by signatories from the Ministry of 
Justice, Ministry of Defence and the National Secretary for Human Rights. The 
GTA is probably the most substantial public initiative in Brazil with the main objec-
tive of the location of burials in official or clandestine cemeteries or in open areas, 
including fields and forests – Araguaia is located in the Amazon region. Relatives 
of the disappeared are represented by the Independent Group of Families of the 
Political Dead and Disappeared from the Brazilian Civil–Military Dictatorship. 
Initially, families organised expeditions at their own expense, the first one being 
in 1980. Since then, the remains of nine individuals have been exhumed based on 
their initiatives. Two have subsequently been identified by DNA analysis. Since 
2009, exhumations – to which CEMEL has contributed – have been undertaken by 
the GTA and its precursor organisation. Families’ representatives report that the 
remains of another twenty individuals, suspected to be those of the Araguaia guer-
rilla group, have been exhumed, but no further identifications have been obtained.
There is a common perception among representatives of families that these 
investigations are disorganised and are lacking not only resources but also in com-
mitment from the Brazilian government. There is a further perception that the 
exhumations are no more than a political response to the judicial condemnation 
that the Brazilian State has received at national and international levels, rather than 
any real humanitarian interest in identification of remains and informing relatives 
of the victim’s fate.
CEMEL’s decision to leave GTA and the reasons for the decision were announced 
openly to representatives of the Independent Group of Families of Political Dead 
and Disappeared from the Brazilian Civil–Military Dictatorship.
Other social and scientific aspects of this work are discussed in detail in 
Guimarães et al.,47 with critical reference to the role of forensic investigations 
in transitional justice. Further investigations and exhumations in relation to the 
civil–military dictatorship require a fundamental commitment to, and plan for, 
concerted action and the establishment of an independent body that can monitor 
and ensure progress and respond to the demands of victims’ families.
Conclusions
Legal exhumations undertaken by CEMEL underpin routine casework, scientific 
research, casework conducted in collaboration with the Brazilian Federal Police 
and humanitarian investigations of alleged homicides committed during the 
 military government of 1964 to 1985.
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Routine casework is enabled via an agreement between the USP and the São Paulo 
Secretary of State for Public Security and involves collaboration with the regional 
Death Verification Service and police forensic investigators. Subsequent forensic 
analysis involves multidisciplinary collaborations between forensic anthropolo-
gists, odontologists and pathologists, and police forensic experts in DNA profiling. 
Implementation of the partnership agreement and capacity building supported by 
the UK Foreign and Commonwealth Office has led to a measurable improvement 
in the quality of forensic anthropology casework and frequency of identifications.
CEMEL has developed scientific research based on reference material recovered 
from legal exhumations obtained in partnership with the local civic development 
agency. This research is aimed at developing forensic osteology standards more 
applicable to the Brazilian population and also underpins studies examining hard 
tissue and DNA diagenesis in skeletal material recovered from soils in challenging 
Brazilian tropical climates, and which are aimed at improving forensic DNA profil-
ing from these substrates.
CEMEL collaborates with the Brazilian Federal Police in exhumations under-
taken in investigations that may be politically sensitive, including some relating to 
alleged human rights abuses by the military government. CEMEL has contributed 
to wider humanitarian work as part of the GTA. Humanitarian work is particularly 
susceptible to political agendas that may compromise academic independence.
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